We study the effect of a right-handed coupling of quarks to the W-boson on the measurements of |V ub | and |V cb |. It is shown that such a coupling can remove the discrepancies between the determinations of |V ub | from B → πℓν, B + → τ + ν and B → Xuℓν. Further the measurements of |V cb | from B → D * ℓν, B → Dℓν and inclusive B → Xcℓν decays can be brought into better agreement. We demonstrate that a right-handed coupling can be generated within the MSSM by a finite gluino-squark loop. The effect involves the parameters δ u RL 23 and δ u RL 13 of the squark mass matrices, which are poorly constrained from other processes. On the other hand, all gluino-squark corrections to the regular left-handed coupling of the W-boson are found to be too small to be relevant.
I. INTRODUCTION
In the standard model (SM) with its gauge group SU(3) C × SU(2) L × U(1) the tree-level W coupling has a pure V − A structure meaning that all charged currents are left-handed. Right-handed charged currents were first studied in the context of left-right symmetric models [1] which enlarge the gauge group by an additional SU (2) R symmetry between right-handed doublets. In these models new right-handed gauge bosons W R , Z R appear and the physical SM-like W-boson has a dominant left-handed component with a small admixture of W R . The latter will generically lead to small right-handed couplings to both quarks and leptons. The right-handed mass scale inferred from today's knowledge on neutrino masses is so large that all right-handed gauge couplings are undetectable. Most of these couplings are further experimentally strongly constrained [2] . A different source of right-handed couplings of quarks to the W-boson can be loop effects, which generate a dimension-6 quark-quark-W vertex. In this case no right-handed lepton couplings occur, as long as the neutrinos are assumed left-handed. A generic analysis of such higherdimensional right-handed couplings has been studied in Ref. [3] aiming at a better understanding of K → πµν data. The general effect of left-and right-handed anomalous couplings of the W to charm was studies in Ref. [4] . The authors conclude that only the real part of the righthanded charm-bottom coupling can be sizable. The coupling of the W to up has be studied in [5] .
We will investigate the effect of a right-handed Wcoupling on the extraction of |V ub | and |V cb | in section II and show that current tensions between SM and data can be removed. In section III we will calculate the loopcorrected W-coupling in the generic Minimal Supersymmetric Standard Model (MSSM). We find that the righthanded W-coupling can be as large as 20% and brings the different determinations of |V ub | into perfect agreement.
The effect on |V cb | is at most around 2%, which alleviates the tension studied in Sec. II. Finally we conclude.
II. RIGHT-HANDED W COUPLINGS
An appropriate framework for our analysis is an effective Lagrangian. Following the notation of Ref. [6] , we write
here L SM is the standard model (SM) Lagrangian, while Q (n) i stand for dimension-n operators built out of the SM fields and are invariant under the SM gauge symmetries. Such an effective theory approach is appropriate for any SM extension in which all new particles are sufficiently heavy (M new ∼ Λ ≫ m t ). As long as only processes with momentum scales µ ≪ Λ are considered, all heavy degrees of freedom can be eliminated [7] , leading to the effective theory defined in (1) . The operators Q have been completely classified in Ref. [8] . Since Q (5) i involve no quark fields, they are not needed for our further discussion, and we skip the superscripts "(6)" at the dimension-six operators and the associated Wilson coefficients C i . In this article, we need the following dimension-six operator describing anomalous righthanded W-couplings to quarks:
where φ denotes the Higgs doublet and φ = iτ 2 φ * . The Feynman rule for the Right-handed couplings to light quarks have been studied in Ref. [3] and to charm (up) quarks in Ref. [4] (Ref. [5] ). Ref. [9] examines such couplings in inclusive b→c transitions. In Ref. [6] it was pointed out that very strong constraints can be obtained on V are larger than other off-diagonal CKM elements. Further deviations from Minimal Flavour Violation (as defined in [10] ), i.e. deviations from Yukawa-driven flavour transitions, are unlikely in the first two generations, but plausible with respect to transitions involving the third generation [11] . We therefore focus our attention on the remaining two elements V The experimental determination of |V ub | and |V cb | from both inclusive and exclusive B decays is a mature field by now [2] . E.g. the form factors needed for B → πlν are known to 12% accuracy [12] . More recently, also the leptonic decay B → τ ν τ is studied in the context of V ub . To discuss the impact of right-handed currents we denote the CKM element extracted from data with SM formula by V qb , where q = u or q = c. If the matrix element of a considered exclusive process is proportional to the vector current, V 
For processes proportional to the axial-vector current V R qb enters with the opposite sign as V L qb , so that
In inclusive decays the interference term between the left-handed and right-handed contributions is suppressed by a factor of m q /m b , so that it is irrelevant in the case of V ub and somewhat suppressed in the case of V cb . The remaining dependence on V R qb is quadratic and therefore negligible.
Starting with |V ub |, we note that the determinations from inclusive and exclusive semileptonic decays agree within their errors, but the agreement is not perfect [2, 13] . The analysis of B → τ ν is affected by the uncertainty in the decay constant f B . Within errors the three determination of |V ub | are compatible, as one can read off from Fig. 1 . The picture looks very different once the information from a global fit to the unitarity triangle (UT) is included: As pointed out first by the CKMFitter group, the measured value of B → τ ν suffers from a tension with the SM of 2.4-2.7σ [13] . First, the global UT fit gives a much smaller error on |V ub | (as a consequence of the well-measured UT angle β); the corresponding value is also shown in Fig. 1 . Second, the data on inclusive B → X c ℓν analyses are much smaller than in the b → u decays considered above. Note that B → Dlν only involves the vector current so that Eq. (4) applies. B → D * lν receives contributions from both vector and axial vector currents, but the contribution from the vector current is suppressed in the kinematic endpoint region used for the extraction of |V cb |. Therefore Eq. (5) applies to B → D * lν. The impact of a right-handed current on B → X c ℓν has been calculated in Ref. [9] . Fig. 2 shows that the agreement among the three values of |V cb | obtained from these decay modes is not totally satisfactory within the SM. One further realizes that we can reduce the discrepancy to less than 1σ if a right-handed coupling in the range 0.03
III. MSSM RENORMALIZATION OF THE QUARK-QUARK-W VERTEX
In Ref. [11] the renormalization of the quark-quark-W vertex by chirally enhanced supersymmetric self-energies has been computed. The results imply new bounds on the off-diagonal elements of the squark mass matrices if t'Hooft's naturalness criterion is invoked. In this section we extend the analysis of [11] and calculate the leading contributions to the quark-quark-W vertex which decouple for M SUSY → ∞. Using the conventions of Ref. [11] we expand to first oder in the external momenta and decompose the self-energies as
These self-energies lead to a flavor-valued wave-function renormalization ∆U
for all external left-and righthanded fields. It is useful to decompose these factors further in to an unphysical anti-Hermitian part ∆U q L A f i , which can be absorbed into the renormalization of the CKM matrix, and a Hermitian part ∆U
, which can constitute a physical effect appearing as a deviation from CKM unitarity: ∆U
Neglecting external momenta, the genuine vertex-correction originating from a squark-gluino loop is given by
The matrices Wq st diagonalize the squark mass matrices [11] . The part proportional to P L in Eq. (7) cancels with the anti-Hermitian part of the wave-function renormalization due to the SU(2) relation between the left-handed up and down squarks for M SUSY → ∞ according to the decoupling theorem [7] . Since the loop functions depend only weakly on M SUSY , the cancellation is very efficient, even for light squarks around 300 GeV. Therefore, the unitarity of the CKM matrix is conserved with very high accuracy. A right-handed coupling of quarks to the W boson is induced by the diagram in Fig. 3 if left-right mixing of squarks is present. The effective coupling corresponds to Q RR in Eq. (2) and vanishes in the decoupling limit. There is no wave-function renormalization of right-handed quarks which can be applied to the W vertex, therefore no gauge cancellations occur.
We show the relative size of the right-handed coupling involving u,c and b in Fig. 4 . Note that the mass insertion δ u RL 13,23 are not affected by the fine-tuning argument imposed in [11] nor severely restricted by FCNC processes [14] . Therefore the size of the induced couplings V R ub (V R cb ) can be large enough to explain (attenuate) the apparent discrepancies among the various determinations of |V ub | (|V cb |). Nevertheless, if δ u RL 13,23 is large single-top production is enhanced which can be observed at the LHC [15] . In principle also charged Higgs contributions to B → τ ν have to be considered in the MSSM. However, these contributions are only important in the special case in which both tan(β) is large and the charged Higgs is light. Furthermore, a charged Higgs always interferes destructively with the SM, making the discrepancy between the different determinations of V ub even bigger. 
IV. CONCLUSIONS
In this article we have first examined the effect of an effective right-handed coupling of quarks to the W boson on the determination of |V ub | and |V cb | from different decay modes. In both cases a right-handed coupling can improve the agreement among these determinations ( Figs. 1  and 2 ). In particular, one can simultaneously remove the disturbing problem with B → τ ν τ [13] and improve the agreement among inclusive and exclusive determinations of |V ub |. Second, we have shown that a loop-induced right-handed coupling is generated within the MSSM if left-right mixing of squarks is present. This coupling has the right size needed to resolve the tensions in |V ub |. Such a scenario involves a large left-right mixing between sbottoms (as present in e.g. the popular large-tan β scenarios) and a large A u 31 -term which enhances single-top production, making it observable at the LHC. If δ u RL 13 ≈ 0.6 a 95% CL signal can already be detected with 50 inverse femto-barn [15] . In b → c transitions the loop-induced supersymmetric right-handed coupling can alleviate, but cannot fully remove, the discrepancies among the three methods to determine |V cb |. To probe b → u transitions we propose to look for right-handed couplings in the differential decay distributions of B → ρℓν ℓ . The smaller right-handed component in b → c transitions can be probably better studied in B → X c ℓν [9] than in B → D * ℓν decays, because a theoretical control of form factors to percent accuracy is challenging.
